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tion. The margin torque is set to decrease, as a load, acting on
the internal combustion engine during idling operation,
increases. Accordingly, the margin torque can be set to an
appropriate value, and thus it is possible to improve a fuel
economy performance during idling operation of the internal
combustion engine.
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1
INTERNAL COMBUSTION ENGINE
CONTROL DEVICE

TECHNICAL FIELD

The present invention relates to an internal combustion
engine control device configured to suppress rotation fluctua-
tions occurring owing to load changes during idling opera-
tion.

BACKGROUND ART

An engine, which is mounted on a vehicle as a driving
power source, also serves as a driving power source for aux-
iliary machines, such as a compressor of an air conditioner, an
oil pump of a power steering, and the like. For this reason, a
load of an internal combustion engine tends to fluctuate
depending on operating conditions of these auxiliary
machines, and thus an output torque of the internal combus-
tion engine also tends to fluctuate. For instance, when these
auxiliary machines are driven, the load of the internal com-
bustion engine increases and hence the output torque of the
internal combustion engine decreases.

As a countermeasure against such load fluctuations of the
internal combustion engine, an intake air quantity may be
controlled according to the load fluctuations such that the
output torque of the internal combustion engine changes. In
this manner, it is possible to cope with such a situation.
However, when changing the output torque of the internal
combustion engine by controlling the intake air quantity, a
certain response delay occurs until a change in throttle open-
ing emerges as a change in the quantity of air with which the
combustion chamber is filled. Therefore, it is impossible to
compensate for output torque fluctuations of the internal
combustion engine, occurring owing to the load fluctuations
of the internal combustion engine, with a better response by
intake-air-quantity control. Also, at idling operation during
which the output torque of the internal combustion engine
becomes small, the influence of the load fluctuations of the
internal combustion engine on the output torque of the inter-
nal combustion engine becomes relatively great.

Therefore, Patent document 1 teaches an internal combus-
tion engine that, at idling operation during which the output
torque of the internal combustion engine becomes small,
ignition timing is shifted to an ignition-timing change side on
which the output (the efficiency) is decreased, while supply-
ing an intake air quantity exceeding a given quantity corre-
sponding to an actual output torque, so as to cope with the
load fluctuations of the internal combustion engine by igni-
tion-timing adjustment. That is, a predetermined margin
torque is preset as a torque that can be increased only by
ignition-timing adjustment. Hence, when the load of the
internal combustion engine has fluctuated during idling
operation, it is possible to change the output torque of the
internal combustion engine with a better response only by
ignition-timing adjustment.

However, in the above-mentioned Patent document 1, the
margin torque is set to increase, when the load of the internal
combustion engine is high during idling operation.

The load acting on the internal combustion engine during
idling operation tends to increase, when the auxiliary
machines and the like come into operation. Thus, when the
load during idling operation is high, it is considered that many
auxiliary machines are in their active states. Conversely when
the load during idling operation is low, it is considered that
many auxiliary machines are in their inactive states. That is, in
the case that the load of the internal combustion engine during
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idling operation is high, itis considered that the total auxiliary
load of auxiliary machines which may possibly act on the
internal combustion engine tends to decrease from such a
high-load condition. Conversely in the case that the load of
the internal combustion engine during idling operation is low,
it is considered that the total auxiliary load of auxiliary
machines which may possibly act on the internal combustion
engine tends to increase from such a low-load condition.

For the reasons discussed above, there is a problem that
such margin-torque setting as disclosed in the above-men-
tioned Patent document 1, in which the margin torque is set to
increase when the load during idling operation is high, does
not accord with the actual situation.

CITATION LIST
Patent Literature

Patent document 1: Japanese Unexamined Patent Applica-
tion Publication (Translation of PCT Application) No. 1998-
503259

SUMMARY OF INVENTION
Technical Problem

Hence, the invention is characterized in that, in an internal
combustion engine control device in which a predetermined
margin torque is set such that it is possible to maintain a
predetermined engine idling speed by adjusting ignition tim-
ing, the margin torque is set to decrease, as a load of the
internal combustion engine increases.

According to the invention, the margin torque can be set to
an appropriate value, and thus it is possible to improve the
fuel economy performance during idling operation of the
internal combustion engine.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is an explanatory view illustrating the schematic
system configuration of an internal combustion engine to
which the invention can be applied.

FIG. 2 is a timing chart illustrating a change in charging
efficiency and a change in margin torque in the first embodi-
ment of the invention.

FIG. 3 is a block diagram illustrating procedures of arith-
metic calculation for a target throttle opening and a target
ignition timing during idling operation in the first embodi-
ment of the invention.

FIG. 4 is a timing chart illustrating changes in various
parameters during idling operation in the first embodiment of
the invention.

FIG. 5 is a block diagram illustrating procedures of arith-
metic calculation for a target throttle opening and a target
ignition timing during idle operation in the second embodi-
ment of the invention.

FIG. 6 is a block diagram illustrating procedures of arith-
metic calculation for a target throttle opening and a target
ignition timing during idling operation in the third embodi-
ment of the invention.

DESCRIPTION OF EMBODIMENTS

One embodiment of the invention is hereinafter described
in reference to the drawings. FIG. 1 shows the schematic
system configuration of an internal combustion engine 1 to
which the invention can be applied.
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In the internal combustion engine 1, which has been
mounted on a vehicle, such as an automotive vehicle, an
intake passage 4 is connected through an intake valve 3 to a
combustion chamber 2 of internal combustion engine 1,
whereas an exhaust passage 6 is connected through an
exhaust valve 5 to the combustion chamber. A spark plug 7 is
centrally located at the top of the combustion chamber 2. A
fuel injection valve 8 is also located on the side face of
combustion chamber 2 and arranged on the side of intake
valve 3, for directly injecting fuel into the combustion cham-
ber 2. Fuel, which has been adjusted or regulated to a prede-
termined pressure level by a high-pressure fuel pump (not
shown) or the like, is supplied through a high-pressure fuel
passage 9 into the fuel injection valve 8.

An airflow meter 10, which detects an intake air quantity, is
located in the intake passage 4. A throttle valve 11 is located
downstream of the airflow meter 10. Throttle valve 11 is
equipped with an actuator 11a, which is comprised of an
electric motor. The throttle opening of throttle valve 11 is
controlled responsively to a control signal given or outputted
from an engine control unit (ECU) 12. By the way, the valve
opening of throttle 11 (i.e., the throttle opening) is detected by
a throttle-valve opening sensor 115 built in the throttle valve
11. The throttle opening is controlled based on a signal
detected by the throttle-valve opening sensor 115, such that
the valve opening of throttle valve 11 is brought closer to a
target opening.

A catalytic converter 13, a second catalytic converter 14,
and an exhaust silencer (a muffler) 15 are arranged in that
order from the upstream side of exhaust passage 6. Also, an
air-fuel (A/F) ratio sensor 16, which detects an air-fuel ratio,
is located upstream of the catalytic converter 13.

An EGR (exhaust-gas-recirculation) passage 17, through
which part of exhaust gas is recirculated or sent back to an
intake system, is provided between the intake passage 4 and
the exhaust passage 6. One end of EGR passage 17 is con-
nected to the intake passage 4 at the downstream side of
throttle valve 11, whereas the other end is connected to the
exhaust passage 6 between the catalytic converter 13 and the
second catalytic converter 14. The recirculation amount of
exhaust gas, flowing through the EGR passage 17, is adjusted
by an EGR control valve 18. A temperature of exhaust gas
(EGR gas), flowing through the EGR passage 17, is detected
by an EGR temperature sensor 19.

In addition to signals detected by airflow meter 10, air-fuel
ratio sensor 16, and EGR temperature sensor 19, ECU 12
receives sensor signals detected by a variety of sensors, such
as a crank angle sensor 20 that detects an engine revolution
speed (engine speed) and a crank angle position, an accelera-
tor opening sensor 22 that detects a depression amount (an
accelerator opening) of a driver-operated accelerator pedal
21, a vehicle speed sensor 23 that detects vehicle speed, and
the like.

ECU 12 controls, based on these input signals detected by
various sensors, a fuel injection amount, fuel injection timing,
throttle opening, valve opening of EGR control valve 18, and
the like.

In the shown embodiment, an air-conditioner compressor,
aradiator fan, an alternator serving as a generator for charging
avehicle-mounted battery, a power-steering oil pump and the
like, are also driven by the internal combustion engine 1. That
is, when these auxiliary machines, i.e., the air conditioner, the
radiator fan, the alternator, the power-steering oil pump and
the like, are driven responsively to a drive request for driving
each auxiliary machine, auxiliary loads act on the internal
combustion engine 1. Thus, a load of internal combustion
engine 1 fluctuates (increases).
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4

In the invention, to prevent rotation fluctuations from
occurring owing to a delay in an output-torque increase pro-
duced by an increase in an intake air quantity with respect to
load fluctuations caused by operating the auxiliary machines
at idling operation during which the output torque of the
internal combustion engine becomes small, a predetermined
margin torque is set to prevent rotation fluctuations from
occurring owing to load fluctuations by compensating or
correcting such a delay in the output-torque increase pro-
duced by the increase in the intake air quantity by ignition-
timing adjustment.

In more detail, when the internal combustion engine 1 is
idling at a certain operating point, ignition timing is retarded
from the minimum advance for the best torque (MBT) at this
operating point by a predetermined ignition-timing correc-
tion amount. Additionally, by compensating a torque
decrease caused by the retarded ignition timing by increasing
the intake air quantity and by totally ensuring the output
torque needed for the idling operation at the certain operating
point, it is possible to set a torque, whose magnitude corre-
sponds to the torque decrease caused by the retarded ignition
timing, in other words, a margin torque that can be increased
only by ignition-timing adjustment. That is to say, the margin
torque is a torque that can be increased only by ignition-
timing adjustment such that ignition timing is shifted to an
ignition-timing change side (an ignition-timing retard side)
on which the output (the efficiency) is decreased, while sup-
plying an intake air quantity exceeding a given quantity cor-
responding to an actual output torque. In the internal com-
bustion engine 1, which has been controlled as previously
discussed during idling operation, this internal combustion
engine is put into a state where it is possible to suppress the
occurrence of rotation fluctuations by advancing the ignition
timing under this condition and by increasing the output
torque with a better response and consequently compensating
a delay in the output-torque increase produced by an increase
in the intake air quantity.

By the way, to prevent rotation fluctuations of engine revo-
Iution speed occurring owing to load fluctuations during
idling operation, the margin torque has to cope with each and
every load containing auxiliary loads which may possibly act
on the internal combustion engine 1. Therefore, under an
operating condition in which the load of the internal combus-
tion engine during idling operation is low, for instance, under
a specific condition in which all of the auxiliary machines are
in their inactive states, it is necessary to cope with each and
every auxiliary load, and necessarily the margin torque has to
be set a high value. Conversely under an condition in which
the load of the internal combustion engine during idling
operation is high, for instance, under a specific condition in
which all of the auxiliary machines are in their active states, it
is not necessary to cope with a further auxiliary load. Hence,
the margin torque can be set to such small value as to absorb
hunting of idling speeds in a steady state.

Therefore, in the embodiment, the margin torque is set to
decrease, as the load of internal combustion engine 1 during
idling operation increases. This is because ignition timing
tends to retard from the minimum advance for the best torque
(MBT), as the margin torque becomes set higher. Hence,
suppose that the margin torque has been set excessively
higher than required. As a matter of course, owing to such
excessive margin torque setting, the fuel economy perfor-
mance tends to deteriorate.

Also, the output torque of internal combustion engine 1
tends to increase, as the charging efficiency becomes higher.
Hence, the charging efficiency tends to become higher, as the
load of internal combustion engine 1 becomes higher owing
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to the auxiliary machines and the like shifted to active during
idling operation. For the reasons discussed above, in the first
embodiment of the invention, a charging efficiency is used as
a parameter indicating the magnitude of load acting on inter-
nal combustion engine 1, and also a margin torque is arith-
metically calculated by the use of a margin-torque calculation
map that the margin torque is calculated based on a charging
efficiency. By the way, the charging efficiency is calculated
based on a detected value of airflow meter 10 by means of
ECU 12. Also, the above-mentioned margin-torque calcula-
tion map is predetermined or prepared in advance via experi-
mental conformity evaluated by real machine tests, such that
a margin torque is set to increase, as a charging efficiency
decreases.

FIG. 2 is the timing chart illustrating a change in charging
efficiency and a change in margin torque in the first embodi-
ment. By the way, in FIG. 2, the broken line indicates a
comparative example in which a margin torque is set to
increase, as the load acting on internal combustion engine 1
during idling operation increases.

At the time t0 when the operating condition becomes
shifted to idling operation, a margin torque, whose magnitude
is sufficient to cope with all loads which may possibly simul-
taneously act on the internal combustion engine 1 during the
idling operation, is set.

The margin torque and the charging efficiency both change
in a manner so as to be brought closer to their desired values
ateach individual predetermined rate of change from the time
10, taking account of the driveability, without changing in a
stepwise manner at the time t0. The margin torque gradually
increases from the time t0 when the operating condition
becomes shifted to idling operation, and then reaches a
desired value at the current operating point at the time t1. The
charging efficiency gradually decreases from the time t0
when the operating condition becomes shifted to idling
operation, and then reaches a desired value at the current
operating point at the time t1. Hence, it is possible to reduce
a torque step which may occur when the operating condition
of internal combustion engine 1 has been switched to idling
operation, thus enhancing the driveability.

Thereafter, a radiator-fan load, caused by the radiator fan
driven from the time t2, acts on the internal combustion
engine 1. A battery load, caused by the alternator driven from
the time t3, acts on the internal combustion engine 1. Also, an
air-conditioner load, caused by the air-conditioner compres-
sor driven from the time t4, acts on the internal combustion
engine 1.

As discussed previously, in the first embodiment, the mar-
gin torque is set to decrease, as the load of internal combus-
tion engine 1 during idling operation increases. Thus, the
margin torque tends to decrease in a stepwise manner at each
of the times t2, t3, and t4.

In contrast, in the case of the comparative example, indi-
cated by the broken line in FIG. 2, in which the margin torque
is set to increase, as the load of internal combustion engine 1
during idling operation increases, the margin torque tends to
increase in a stepwise manner at each of the times 12, t3, and
t4. In this manner, in this comparative example, it is necessary
to increase an intake air quantity by an increment in the
margin torque, increased in conformity with the load
increase. Thus, the charging efficiency tends to increase rela-
tively.

In view of the above, in the first embodiment, the margin
torque is set to decrease as the load of internal combustion
engine 1 during idling operation increases, it is possible to
relatively decrease the charging efficiency, when compared to
the comparative example in which the margin torque is set to
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increase as the load of internal combustion engine 1 during
idling operation increases. Hence, it is possible to relatively
enhance the fuel economy performance during idling opera-
tion. In other words, in the first embodiment, the margin
torque can be set to an appropriate value by setting the margin
torque lower as the load of the internal combustion engine
becomes higher. Hence, it is possible to enhance the fuel
economy performance during idling operation of the internal
combustion engine.

Also, a charging efficiency is used as a parameter indicat-
ing operating conditions of auxiliary machines, and thus it is
possible to easily calculate auxiliary-machines operating
conditions.

By the way, the intake air quantity increases as the engine
revolution speed increases, and thus rotation fluctuations tend
to reduce, because of more stable combustion. Accordingly, it
is possible to bring the margin torque to a more appropriate
value by setting the margin torque lower as the engine revo-
Iution speed increases.

FIG. 3 is the block diagram illustrating procedures of arith-
metic calculation for a target throttle opening and a target
ignition timing during idling operation in the first embodi-
ment.

At step S11, a margin torque is calculated by the use of a
first margin-torque calculation map, prepared in advance via
experimental conformity, and a charging efficiency. The first
margin-torque calculation map is set such that a margin
torque increases, as a charging efficiency decreases.

At step S12, an output torque of internal combustion
engine 1 (an MBT-ignition engine torque) when having been
ignited at the minimum advance for the best torque (MBT)
under the current operating condition, is calculated based on
an MBT-ignition engine torque calculation map, prepared in
advance via experimental conformity, a charging efficiency,
and a current (latest up-to-date) engine revolution speed
detected by the crank angle sensor 20.

At step S13, a torque-down rate is calculated by dividing
the margin torque, calculated at step S11, by the MBT-igni-
tion engine torque, calculated at step S12.

Thereafter, at step S14, an ignition-timing correction
amount is calculated by the use of an ignition-timing correc-
tion amount calculation map, prepared in advance via experi-
mental conformity, and the torque-down rate, calculated at
step S13. That is, this step S14 corresponds to an ignition-
timing correction amount calculation means.

Alternatively, such an ignition-timing correction amount
may be calculated directly from the margin torque. However,
it is possible to calculate the ignition-timing correction
amount well, by simple map setting, from the torque-down
rate calculated based on the margin torque.

That is, it is possible to calculate the ignition-timing cor-
rection amount from the ignition-timing correction calcula-
tion map that is a single map data in which there is a one-to-
one correspondence between an ignition-timing correction
amount and a torque-down rate. Hence, it is possible to reduce
the number of map data, as compared to a way to calculate an
ignition-timing correction amount from a large number of
map data, thereby simplifying a control program used to
calculate an ignition-timing correction amount.

Also, it is possible to utilize the minimum advance for the
best torque (MBT), which is used in all operating scenes, as a
reference. Hence, assume that a variety of corrections, such as
coolant temperature correction, intake-air temperature, cor-
rection, intake valve timing correction, and exhaust valve
timing correction and the like, are added to the MBT in
advance. In such a case, it is unnecessary to add these correc-
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tions to an ignition-timing correction amount during idling
operation. Thus, it is possible to prevent an increase in the
number of map data.

At step S15, a base idle ignition timing is calculated by
subtracting the ignition-timing correction amount, calculated
at step S14, from the minimum advance for the best torque
(MBT) for the current operating condition.

At step S16, a revolution-speed difference is calculated by
subtracting the current engine revolution speed detected by
the crank angle sensor 20 from a current target engine revo-
Iution speed. At step S17, a torque correction rate, at which
the engine revolution speed is brought closer to the current
target engine revolution speed, is calculated based on the
revolution-speed difference, calculated at step S16. At step
S18, an ISC request ignition-timing correction amount,
which is based on an idle-speed-control (ISC) request needed
to bring the engine revolution speed of internal combustion
engine 1 closer to the target revolution speed, is calculated by
the use of an ISC request ignition-timing correction amount
calculation map, prepared in advance via experimental con-
formity, and the torque correction rate, calculated at step S17.
That is, a series of steps S16-S18 are configured to calculate
an amount of feedback correction (feedback compensation)
of'ignition timing when executing feedback control such that
the engine revolution speed of internal combustion engine 1 is
brought closer to the target revolution speed.

Then, at step S19, a final ignition timing is calculated by
adding the ISC request ignition-timing correction amount,
calculated at step S18, to the base idle ignition timing, calcu-
lated at step S15.

At step S21, a required engine indicated torque, which is
required for the internal combustion engine 1 during idling
operation, is calculated. The required engine indicated torque
is calculated by adding an auxiliary-machine drive-request
torque needed to drive the auxiliary machines with their drive
requests to an idle-speed-holding request torque needed to
maintain or hold a predetermined engine idling speed, and
further adding another request torque for devices (for
example, a wiper device that comes into operation, a power
window that comes into operation, and the like) that require
an increase in the load of internal combustion engine 1 due to
factors other than the above to the idle-speed-holding request
torque. In other words, the required engine indicated torque
can be comprehended or regarded as a desired value of the
charging efficiency. For instance, as various auxiliary-ma-
chine drive-request torques, there are an air-conditioner
request torque corresponding to the previously-discussed air-
conditioner load, a radiator-fan request torque corresponding
to the radiator-fan load, a battery request torque correspond-
ing to the battery (alternator) load, and a power-steering
request torque corresponding to the power-steering oil pump
drive request.

At step S22, a required margin torque is calculated by the
use of a second margin-torque calculation map, prepared in
advance via experimental conformity, and the required
engine indicated torque, calculated at step S21. The second
margin-torque calculation map is set such that a margin
torque increases, as a required engine indicated torque
decreases.

At step S23, an MET-ignition required engine indicated
torque (a required torque) is calculated by adding the required
margin torque, calculated at step S22, to the required engine
indicated torque, calculated at step S21.

At step S24, a target throttle opening is calculated by the
use of a throttle opening calculation map, prepared in advance
via experimental conformity, and the MET-ignition required
engine indicated torque (the required torque), calculated at
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step S23. The throttle opening calculation map is set such that
a target throttle opening increases, as an MET-ignition
required engine indicated torque (a required torque)
increases.

By the way, regarding the margin torque (i.e., the second
margin-torque calculation map of step S22) used for calcu-
lating the throttle opening (an increasing amount of throttle
opening) and the margin torque (i.e., the first margin-torque
calculation map of step S11) used for calculating the ignition
timing (a retard amount of ignition timing), the former is
based on the required engine indicated torque (a desired value
of'the charging efficiency) corresponding to a required torque
value (a target torque value) in which auxiliary-machine driv-
ing torques and the like are included. On the other hand, the
latter is based on an actual charging efficiency calculated
based on a detected value of airflow meter 10. Hence, when a
delay of an actual charging efficiency change with respect to
a throttle-opening change has occurred, a change in ignition
timing can be well adapted to a change in charging efficiency.
Thus, it is possible to prevent a torque step from occurring
owing to a rapid change in ignition timing. However, as a
matter of course, conversely in the case of a less delay of a
throttle-opening change (that is, when a throttle-opening
change is slow), the required engine indicated torque (a
desired value of the charging efficiency) corresponding to a
required torque value may be utilized as a margin torque used
for calculating the ignition timing. As discussed above, either
the former margin-torque calculation map or the latter mar-
gin-torque calculation map may be selectively used, for
instance, depending on a rate of change in throttle opening.

FIG. 4 is the timing chart illustrating one example of
changes in various parameters during idling operation in the
first embodiment.

When one of the auxiliary machines comes into operation
during the time period from the time T1 to the time T2, the
required engine indicated torque, calculated at step S21,
increases during the time period T1-T2. At this time, the
required margin torque, calculated at step S22, decreases by
an increment of the load acting on the internal combustion
engine 1, occurring owing to such an input of the auxiliary
load. Also, the MBT-ignition required engine indicated
torque, calculated at step S23, increases owing to an increase
in the intake air quantity during the time period T1-T2. The
target throttle opening, calculated at step S24, increases for
increasing the intake air quantity during the time period
T1-T2.

Also, during the time period T1-T2, the charging efficiency
increases, because of an increase in the load acting on the
internal combustion engine 1. Thus, the margin torque, cal-
culated at step S11, tends to decrease during the time period
T1-T2 during which the auxiliary machine is operating.

During the time period T1-T2, the MBT-ignition engine
torque, calculated at step S12, increases, whereas the torque-
down rate, calculated at step S13, decreases. Also, during the
time period T1-T2, the ignition-timing correction amount (a
retard amount), calculated at step S14, decreases.

The ignition timing, calculated at step S19, retards during
the time period T1-T2. In the case of the shown embodiment,
an increase in the intake air quantity can be suppressed by
decreasing the margin torque during the time period T1-T2
during which the load of internal combustion engine 1 is
increasing. Hence, the retard amount of ignition timing with
respect to the minimum advance for the best torque (MBT),
indicated by the broken line in FIG. 4, tends to become
relatively small.

The other embodiments of the invention are hereunder
explained. In explaining the other embodiments, the same
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reference signs used to designate elements in the first embodi-
ment will be applied to the corresponding elements used in
the other embodiments, while detailed description of the
same reference signs will be omitted because the above
description thereon seems to be self-explanatory.

In a similar manner to the first embodiment, in the second
embodiment, the margin torque is set to decrease, as the load
of internal combustion engine 1 increases. However, in the
second embodiment, the margin torque is calculated as a
value obtained by subtracting the load, which has already
acted on the internal combustion engine 1, from a summed
value of all loads which may possibly act on the internal
combustion engine 1 during idling operation.

For that reason, in the second embodiment, it is possible to
more accurately set a necessary margin torque by exactly
grasping a summed value of loads which may possibly act on
the internal combustion engine 1 during idling operation.
Hence, in the second embodiment, in the same manner as the
first embodiment, it is possible to enhance the fuel economy
performance during idling operation of the internal combus-
tion engine.

FIG. 5 is the block diagram illustrating procedures of arith-
metic calculation for a target throttle opening and a target
ignition timing during idling operation in the second embodi-
ment.

At step S31, a required engine indicated torque, which is
required for the internal combustion engine 1 during idling
operation, is calculated. The required engine indicated torque
is calculated by adding the auxiliary-machine drive-request
torque to the idle-speed-holding request torque, and further
adding another request torque to the idle-speed-holding
request torque.

At step S32, the margin torque is calculated as a value
obtained by subtracting the load, which has already acted on
the internal combustion engine 1, from a summed value of all
auxiliary loads which may possibly act on the internal com-
bustion engine 1 during idling operation.

At step S33, a target engine indicated torque (a required
torque) is calculated by adding the margin torque, calculated
at step S32, to the required engine indicated torque, calcu-
lated at step S31.

At step S34, a target throttle opening is calculated by the
use of a throttle opening calculation map, prepared in advance
via experimental conformity, and the target engine indicated
torque (the required torque), calculated at step S33. The
throttle opening calculation map is set such that a target
throttle opening increases, as a target engine indicated torque
(a required torque) increases.

At step S41, an output torque of internal combustion
engine 1 (an MBT-ignition engine torque) when having been
ignited at the minimum advance for the best torque (MBT)
under the current operating condition, is calculated based on
an MBT-ignition engine torque calculation map, prepared in
advance via experimental conformity, a charging efficiency,
and a current (latest up-to-date) engine revolution speed
detected by the crank angle sensor 20.

At step S42, a torque-down rate is calculated by dividing
the margin torque, calculated at step S32, by the MBT-igni-
tion engine torque, calculated at step S41.

Thereafter, at step S43, an ignition-timing correction
amount is calculated by the use of an ignition-timing correc-
tion amount calculation map, prepared in advance via experi-
mental conformity, and the torque-down rate, calculated at
step S42.

At step S44, a base idle ignition timing is calculated by
subtracting the ignition-timing correction amount, calculated
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at step S43, from the minimum advance for the best torque
(MBT) for the current operating condition.

At step S45, a revolution-speed difference is calculated by
subtracting the current engine revolution speed detected by
the crank angle sensor 20 from a current target engine revo-
Iution speed. At step S46, a torque correction rate, at which
the engine revolution speed is brought closer to the current
target engine revolution speed, is calculated based on the
revolution-speed difference, calculated at step S45. At step
S47, an ISC request ignition-timing correction amount,
which is based on an idle-speed-control (ISC) request needed
to bring the engine revolution speed of internal combustion
engine 1 closer to the target revolution speed, is calculated by
the use of an ISC request ignition-timing correction amount
calculation map, prepared in advance via experimental con-
formity, and the torque correction rate, calculated at step S46.
Then, at step S48, a final ignition timing is calculated by
adding the ISC request ignition-timing correction amount,
calculated at step S47, to the base idle ignition timing, calcu-
lated at step S44.

The third embodiment of the invention is hereunder
explained. In a similar manner to the first embodiment, in the
third embodiment, the margin torque is set to decrease, as the
load of internal combustion engine 1 increases. However, in
the third embodiment, the margin torque is calculated only
from a required engine indicated torque, which is required for
the internal combustion engine 1 during idling operation.

That is, in the third embodiment, it is possible to calculate
a margin torque by using a required engine indicated torque
corresponding to a target torque value as a parameter indicat-
ing the magnitude of load, possibly acting on the internal
combustion engine during idling operation, prior to feedback
control for engine revolution speed, executed such that the
engine revolution speed of internal combustion engine 1 is
brought closer to a predetermined engine idling speed.
Hence, it is possible to suppress an undesirable drop or a
flare-up of engine revolution speed. Also, in the third embodi-
ment, the margin torque is set to decrease, as the load of
internal combustion engine 1 increases. Hence, in the third
embodiment, in the same manner as the first embodiment, it is
possible to enhance the fuel economy performance during
idling operation of the internal combustion engine.

FIG. 6 is the block diagram illustrating procedures of arith-
metic calculation for a target throttle opening and a target
ignition timing during idling operation in the third embodi-
ment.

At step S51, a required engine indicated torque, which is
required for the internal combustion engine 1 during idling
operation, is calculated. The required engine indicated torque
is calculated by adding the auxiliary-machine drive-request
torque to the idle-speed-holding request torque, and further
adding another request torque to the idle-speed-holding
request torque.

At step S52, a margin torque is calculated by the use of a
margin-torque calculation map, prepared in advance via
experimental conformity, and the required engine indicated
torque, calculated at step S51. The margin-torque calculation
map is set such that a margin torque increases, as a required
engine indicated torque decreases.

At step S53, a target engine indicated torque (a required
torque) is calculated by adding the margin torque, calculated
at step S52, to the required engine indicated torque, calcu-
lated at step S51.

At step S54, a target throttle opening is calculated by the
use of a throttle opening calculation map, prepared in advance
via experimental conformity, and the target engine indicated
torque (the required torque), calculated at step S53. The
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throttle opening calculation map is set such that a target
throttle opening increases, as a target engine indicated torque
(a required torque) increases.

At step S61, an output torque of internal combustion
engine 1 (an MBT-ignition engine torque) when having been
ignited at the minimum advance for the best torque (MBT)
under the current operating condition, is calculated based on
an MBT-ignition engine torque calculation map, prepared in
advance via experimental conformity, a charging efficiency,
and a current (latest up-to-date) engine revolution speed
detected by the crank angle sensor 20.

At step S62, a torque-down rate is calculated by dividing
the margin torque, calculated at step S52, by the MBT-igni-
tion engine torque, calculated at step S61.

Thereafter, at step S63, an ignition-timing correction
amount is calculated by the use of an ignition-timing correc-
tion amount calculation map, prepared in advance via experi-
mental conformity, and the torque-down rate, calculated at
step S62.

At step S64, a base idle ignition timing is calculated by
subtracting the ignition-timing correction amount, calculated
at step S63, from the minimum advance for the best torque
(MBT) for the current operating condition.

At step S65, a revolution-speed difference is calculated by
subtracting the current engine revolution speed detected by
the crank angle sensor 20 from a current target engine revo-
Iution speed. At step S66, a torque correction rate, at which
the engine revolution speed is brought closer to the current
target engine revolution speed, is calculated based on the
revolution-speed difference, calculated at step S65. At step
S67, an ISC request ignition-timing correction amount,
which is based on an idle-speed-control (ISC) request needed
to bring the engine revolution speed of internal combustion
engine 1 closer to the target revolution speed, is calculated by
the use of an ISC request ignition-timing correction amount
calculation map, prepared in advance via experimental con-
formity, and the torque correction rate, calculated at step S66.
Then, at step S68, a final ignition timing is calculated by
adding the ISC request ignition-timing correction amount,
calculated at step S67, to the base idle ignition timing, calcu-
lated at step S64.

The invention claimed is:
1. An internal combustion engine control device, in which
a margin torque that can be increased by ignition-timing
adjustment such that ignition timing is shifted to an ignition-
timing change side on which an engine output is decreased,
while supplying an intake air quantity exceeding a given
quantity corresponding to an actual engine output torque with
respect to load fluctuations during idling operation is set,
comprising:
an engine control unit comprising a target torque calcula-
tion means for calculating a target torque of an internal
combustion engine, the engine control unit configured to
set the target torque such that the target torque increases,
as an auxiliary load, acting on the internal combustion
engine, increases,
set the margin torque such that the margin torque
decreases, as a load of the internal combustion engine
during idling operation increases, and
calculate the margin torque as a value obtained by sub-
tracting the auxiliary load, which has already acted on
the internal combustion engine, from a summed value
of all loads which may possibly act on the internal
combustion engine during idling operation.
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2. An internal combustion engine control device as recited
in claim 1, wherein:
the margin torque is set by retarding the ignition timing
from a minimum advance for a best torque and by
increasing the intake air quantity more than a base intake
air quantity corresponding to the minimum advance for
the best torque.
3. An internal combustion engine control device as recited
in claim 1, wherein:
the margin torque is set to decrease, as an engine revolution
speed of the internal combustion engine during idling
operation increases.
4. An internal combustion engine control device as recited
in claim 1, the engine control unit further comprising:
a charging efficiency calculation means for calculating a
charging efficiency of the internal combustion engine,
wherein the margin torque is set to increase, as the charging
efficiency decreases.
5. An internal combustion engine control device as recited
in claim 1, wherein:
the margin torque is set to increase, as the target torque
decreases.
6. An internal combustion engine control device as recited
in claim 1, wherein:
the margin torque is set to change to a desired value at a
predetermined rate of increase when an operating con-
dition of the internal combustion engine has been
switched to idling operation.
7. An internal combustion engine control device, in which
a margin torque that can be increased by ignition-timing
adjustment such that ignition timing is shifted to an ignition-
timing change side on which an engine output is decreased,
while supplying an intake air quantity exceeding a given
quantity corresponding to an actual engine output torque with
respect to load fluctuations during idling operation is set,
comprising:
an engine control unit comprising a target torque arith-
metic-calculation part configured to calculate a target
torque of an internal combustion engine, the engine con-
trol unit configured to
set the target torque such that the target torque increases,
as an auxiliary load, acting on the internal combustion
engine, increases,
set the margin torque such that the target torque
decreases, as a load of the internal combustion engine
during idling operation increases, and
calculate the margin torque as a value obtained by sub-
tracting the auxiliary load, which has already acted on
the internal combustion engine, from a summed value
of all loads which may possibly act on the internal
combustion engine during idling operation.
8. An internal combustion engine control device as recited
in claim 7, wherein:
the margin torque is set by retarding the ignition timing
from a minimum advance for a best torque and by
increasing the intake air quantity more than a base intake
air quantity corresponding to the minimum advance for
the best torque.
9. An internal combustion engine control device as recited
in claim 7, wherein:
the margin torque is set to decrease, as an engine revolution
speed of the internal combustion engine during idling
operation increases.
10. An internal combustion engine control device as recited
in claim 7, the engine control unit further comprising:
a charging efficiency arithmetic-calculation part config-
ured to calculate a charging efficiency of the internal
combustion engine,



US 9,309,858 B2

13

wherein the margin torque is set to increase, as the charging
efficiency decreases.
11. An internal combustion engine control device as recited
in claim 7, wherein:
the margin torque is set to increase, as the target torque
decreases.
12. An internal combustion engine control device as recited
in claim 7, wherein:
the margin torque is set to change to a desired value at a
predetermined rate of increase when an operating con-
dition of the internal combustion engine has been
switched to idling operation.
13. An internal combustion engine control device, in which
a margin torque that can be increased by ignition-timing
adjustment such that ignition timing is shifted to an ignition-
timing change side on which an engine output is decreased,
while supplying an intake air quantity exceeding a given
quantity corresponding to an actual engine output torque with
respect to load fluctuations during idling operation is set,
comprising:
an engine control unit including a target torque calculation
means for calculating a target torque of an internal com-
bustion engine, the engine control unit configured to
set the target torque such that the target torque increases,
as an auxiliary load, acting on the internal combustion
engine, increases, and
set the margin torque such that the margin torque
decreases, as a load of the internal combustion engine
during idling operation increases; and
the engine control unit further comprising
a torque-down rate calculation means for calculating a
torque-down rate by dividing the margin torque by an
output torque of the internal combustion engine
obtained when the ignition timing has been set at a
minimum advance for a best torque under a current
operating condition; and
an ignition-timing correction amount calculation means
for calculating an ignition-timing correction amount
of'the internal combustion engine during idling opera-
tion, using the torque-down rate.
14. An internal combustion engine control device as recited
in claim 13, wherein:
the margin torque is set by retarding the ignition timing
from a minimum advance for a best torque and by
increasing the intake air quantity more than a base intake
air quantity corresponding to the minimum advance for
the best torque.
15. An internal combustion engine control device as recited
in claim 13, wherein:
the margin torque is set to decrease, as an engine revolution
speed of the internal combustion engine during idling
operation increases.
16. An internal combustion engine control device as recited
in claim 13, the engine control unit further comprising:
a charging efficiency calculation means for calculating a
charging efficiency of the internal combustion engine,
wherein the margin torque is set to increase, as the charging
efficiency decreases.
17. An internal combustion engine control device as recited
in claim 13, wherein:
the margin torque is calculated as a value obtained by
subtracting the auxiliary load, which has already acted
onthe internal combustion engine, from a summed value
of all loads which may possibly act on the internal com-
bustion engine during idling operation.
18. An internal combustion engine control device as recited
in claim 13, wherein:
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the margin torque is set to increase, as the target torque
decreases.
19. An internal combustion engine control device as recited
in claim 13, wherein:
the margin torque is set to change to a desired value at a
predetermined rate of increase when an operating con-
dition of the internal combustion engine has been
switched to idling operation.
20. An internal combustion engine control device, in which
a margin torque that can be increased by ignition-timing
adjustment such that ignition timing is shifted to an ignition-
timing change side on which an engine output is decreased,
while supplying an intake air quantity exceeding a given
quantity corresponding to an actual engine output torque with
respect to load fluctuations during idling operation is set,
comprising:
an engine control unit including a target torque arithmetic-
calculation part configured to calculate a target torque of
an internal combustion engine, the engine control unit
configured to
set the target torque such that the target torque increases,
as an auxiliary load, acting on the internal combustion
engine, increases, and
set the margin torque such that the margin torque
decreases, as a load of the internal combustion engine
during idling operation increases; and
the engine control unit further comprising
a torque-down rate arithmetic-calculation part config-
ured to calculate a torque-down rate by dividing the
margin torque by an output torque of the internal
combustion engine obtained when the ignition timing
has been set at a minimum advance for a best torque
under a current operating condition; and
an ignition-timing correction amount arithmetic-calcu-
lation part configured to calculate an ignition-timing
correction amount of the internal combustion engine
during idling operation, using the torque-down rate.
21. Aninternal combustion engine control device as recited
in claim 20, wherein:
the margin torque is set by retarding the ignition timing
from a minimum advance for a best torque and by
increasing the intake air quantity more than a base intake
air quantity corresponding to the minimum advance for
the best torque.
22. Aninternal combustion engine control device as recited
in claim 20, wherein:
the margin torque is set to decrease, as an engine revolution
speed of the internal combustion engine during idling
operation increases.
23. Aninternal combustion engine control device as recited
in claim 20, the engine control unit further comprising:
a charging efficiency calculation means for calculating a
charging efficiency of the internal combustion engine,
wherein the margin torque is set to increase, as the charging
efficiency decreases.
24. Aninternal combustion engine control device as recited
in claim 20, wherein:
the margin torque is calculated as a value obtained by
subtracting the auxiliary load, which has already acted
on the internal combustion engine, from a summed value
of all loads which may possibly act on the internal com-
bustion engine during idling operation.
25. Aninternal combustion engine control device as recited
in claim 20, wherein:
the margin torque is set to increase, as the target torque
decreases.
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26. An internal combustion engine control device as recited
in claim 20, wherein:
the margin torque is set to change to a desired value at a
predetermined rate of increase when an operating con-
dition of the internal combustion engine has been 5
switched to idling operation.
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